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Abstract 
We present a novel method for integrating single CuO nanowires as gas sensing components in a suspended 
configuration. In these devices, the nanowire surface area that is actually exposed to the surrounding gas atmosphere 
is increased, which is favourable when operating the nanowire as conductometric gas sensor. CuO nanowires 
bridging two adjacent Cu structures were contacted using a thermal oxidation process leading to growth of copper 
oxide around the nanowire. By this method, linear IV characteristics could be achieved showing the Ohmic contact 
properties. The sensitivity of the suspended CuO nanowire devices towards humidity and CO was investigated. High 
signal changes up to 60% were measured in the presence of humidity while small concentrations of CO down to 
1ppm could be detected validating the excellent sensing performance of the presented devices. 
 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
Metal oxide nanowires have been extensively studied for applications in chemical sensing, as they have 
several advantages compared to thin- and thick film gas sensors, such as high surface-to-volume ratio and 
improved stability due to high crystallinity [1]. Nanowires in a suspended configuration have been 
proposed due to superior sensitivity because of enhanced surface exposure leading to improved 
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chemisorption [2]. However, fabrication of such devices remains a technological challenge, which 
requires additional etching [3], lithography [4] or FIB deposition [5] process steps. 
Cupric oxide (CuO) is known as a narrow band-gap p-type semiconductor and CuO nanowires have 
been proposed in applications such as gas sensors, photovoltaics, field emitting devices or catalysts [6]. 
Apart from other methods, CuO nanowires can be synthesized by a simple and cheap thermal oxidation 
process of copper substrates [7]. Here, we synthesize high-aspect-ratio CuO nanowires by resistive 
heating of a copper wire and propose a simple method for contacting them in a suspended configuration. 
Furthermore, we characterize the temperature dependence of electrical conductance and investigate on the 
gas sensing properties for humidity and carbon monoxide (CO). 
2. Experimental 
High-aspect-ratio CuO nanowires are synthesized by thermal oxidation of a copper wire (6N, diameter 
100μm) at 500°C for three hours in ambient atmosphere by a resistive heating method, which was 
reported earlier [8]. Next, a CuO nanowire suspension is drop-coated on Cu structures, which are 
fabricated on Si/SiO2 substrates by electroplating and electrically connected by a sputter deposited Ti/Au 
(thickness 5nm/200nm) metallization layer (Fig.1a). The Cu structures have a width of 25μm, a thickness 
of 2.5μm and a gap distance of 5μm in between. By choosing the proper nanowire concentration in the 
suspension, single CuO nanowires bridging the Cu lines can be realized (Fig.1b). Subsequently, the 
samples are heated up to 200°C and 400°C at ambient atmosphere for 30 minutes and 60 minutes, 
respectively, which leads to thermal oxidation of the Cu structures and copper oxide growth around the 
CuO nanowires (inset of Fig.1b). 
 
       
 (a) (b) 
Fig.1. (a) Eight electroplated Cu structures contacted by a Ti/Au metallization layer; (b) Tilted SEM image (60°) of a single 
suspended CuO nanowire bridging a gap of 5μm between two oxidized Cu structures; the inset shows that after thermal oxidation of 
the Cu structure, copper oxide is grown around the CuO nanowire 
 
The electrical properties of the CuO nanowire devices were characterized using a probe station and a 
parameter analyzer (Agilent 4156C). For operation at elevated temperatures, the device chip is glued to a 
Si substrate together with commercially available microheaters (10x2 Pt6,8-0,4, Delta-R GmbH) and a Pt-
100 temperature sensor (4x1 Pt100A, Delta-R GmbH), which are soldered to a ceramic mounting. 
Electrical connections to the CuO nanowire sensors are established by wedge bonding of a 25μm thick Au 
wire to the Ti/Au metallization layer. The devices are operated as conductometric gas sensors in an 
automated gas measurement setup, where background gas, target gas concentration, relative humidity and 
sensor operation temperature can be precisely controlled. The electrical resistance of the CuO nanowire 
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sensors is measured by a Keithley 2400 SourceMeter in constant current operation under a constant gas 
flow of 1000sccm at a fixed operation temperature. 
3. Results & Discussion 
In the following, results of a single suspended CuO nanowire with a diameter of around 170nm will be 
exemplarily discussed. The IV characteristics (Fig.2a), which were measured in ambient atmosphere 
(~40% relative humidity) at room temperature, show almost linear behavior over a wide voltage range 
from -10V to 10V indicating that Ohmic contacts are formed by our thermal oxidation method. Several 
test structures on the same chip are used in order to estimate the series resistance of the oxidized copper 
lines, which is found to be around three orders of magnitude lower. Therefore, it can be neglected and the 
gas sensitivity can be exclusively attributed to a change of nanowire specific conductivity induced by 
adsorbed gas molecules. 
Furthermore, the temperature dependence of CuO nanowire conductance is investigated. In this case, 
measurements are carried out in dry synthetic air in order to exclude the influence of water vapor. In 
Fig.2b, an Arrhenius plot of CuO nanowire conductance is shown. By evaluating the slope of the linear 
fit, carrier activation energy is estimated to lie around 200meV, which is in good agreement with 
literature results of the optical properties of CuO nanowires [9]. 
 
 
 (a) (b) 
Fig.2. (a) IV characteristics of a single suspended CuO nanowire contacted by the thermal oxidation method; (b) Arrhenius plot of 
CuO nanowire conductance 
 
In Fig.3a, an electrical resistance measurement of a single suspended CuO nanowire, which is heated 
up to 300°C and exposed to synthetic air with three humidity pulses, is shown. As can be seen, water 
vapor leads to an increase of nanowire resistance with considerable signal changes up to 60%. The 
sensing mechanism is explained in literature by a decrease of the ionosorbed oxygen on the CuO surface 
and the formation of hydroxyl groups OH- [10]. 
In the case of CO detection (Fig.3b), the CuO nanowire is exposed to dry synthetic air with three 
different CO concentrations between 10ppm and 100ppm at an operation temperature of 350°C. A 
resistance increase is observed due to the reaction of CO with ionosorbed oxygen leading to the formation 
of CO2 [10]. However, as CO and water vapor compete for reaction partners at the CuO surface, the 
nanowire sensor is not able to detect CO in synthetic air with 50% relative humidity as it is already 
saturated. In additional measurements, it is found that the CO detection limit in dry air for the suspended 
CuO nanowire gas sensor lies around 1ppm (~3% sensitivity), which is very low considering the fact that 
a nanowire with a large diameter of around 170nm is investigated. Therefore, the excellent sensing 
performance can be attributed to the suspended configuration of the CuO nanowire. 
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Fig.3. Electrical resistance of a single suspended CuO nanowire (a) during exposure to humidity pulses at a sensor operation 
temperature of 300°C; (b) during exposure to CO pulses at a sensor operation temperature of 350°C 
4. Conclusion 
The growth of copper oxide around a single CuO nanowire during thermal oxidation of Cu structures 
turned out to be an effective method for contacting CuO nanowires in a suspended configuration, which is 
very well suited for the realization of highly sensitive gas sensor devices. Due to its simplicity, our 
approach could be used as a low-cost alternative for the formation of reliable nanowire contacts after a 
dielectrophoresis process, for instance. Future investigations will show if the presented concept may be 
adapted for other materials such as ZnO nanowires. 
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